River Yamuna is an important river in India that flows through the national capital-New Delhi. The river water offers a variety of functional uses in its basin area. A progressive deterioration of river water quality had rendered it to become almost a channel of wastewater. However, there is a willingness-to-pay (WTP) for the conservation of river water quality among the citizens of the basin. This paper reports on an application of Contingent Valuation Method (CVM) for estimating the economic value of river water conservation (both for current water quality maintenance and for the restoration of river water quality). The results show that there exists a WTP for the conservation of river water quality, which is about 14.93% higher for water quality restoration than that for maintenance of current water quality. Some of the issues in undertaking the CVM studies in developing countries are also discussed in the paper.
Introduction
The economic valuation of environmental goods and services, which are often found in a nonmarketed form, is a challenge that is increasingly being successfully addressed. The contingent valuation method (CVM) is one valuation method that has been widely used for valuing non-market goods and services in developed countries. In the developing countries too, CVM is becoming popular for measuring the value of environmental goods and services, as evidenced by various studies (e.g. Hadkar et al., 1997; Shultz et al., 1998; Whittington, 1998; Raje et al., 2002) . As markets for environmental goods and services in developing countries have yet to be developed completely, direct valuation methods like CVM may potentially play a greater role in eliciting the hypothetical value attached doi: 10.2166/wp.2009.166 Water Policy 12 (2010) 260-271 q IWA Publishing 2010 by people to the goods/services offered by a resource in a democratic set up. This has been demonstrated, to some extent, by some of the advocates of research-based decision making for sustainable development 1 . Even though the results of contingent valuation are contestable and have long been debated, the application of CVM in various contexts has been widely carried out to provide estimates of economic value. CVM has also been widely applied because of its inherent advantage in providing first hand estimates and thus rendering an opportunity to compare these with estimates made using other methods. Besides its simplicity in elicitation, CVM offers the advantage of measuring both the use and non-use values of a resource, ass shown by its application in various case studies (e.g. Loomis et al., 1989; Loomis et al., 1996; Rollins et al., 1997; Moon et al., 2002) . Water is an important natural resource to which CVM is also applied to measure benefits offered, or the costs that have arisen from its degradation 2 . In this paper, we present one such attempt to apply CVM to the valuation of the conservation benefits of the water quality of the river Yamuna in India, a developing country.
Despite its potential and utility, the application of CVM is still often viewed with skepticism, perhaps because the elicitation process presents a hypothetical value 3 and also because the results give rise to biased estimates (e.g. Diamond & Hausman, 1994) . In this context, Mitchell & Carson (1989) point out to some of the common drawbacks in most CVM studies, which include inadequate attention paid to substitutes, the budget constraints of the respondent, embedding effects and strategic bias. Similarly, Blamey et al. (1999) observed that the positioning of the question and the survey result will have an influence on the respondent, particularly in eliciting a "yes" response. In an attempt to resolve this issue, the National Oceanographic and Atmospheric Administration (NOAA) appointed a review committeeknown as the "Blue ribbon panel"-to assess the potential of CVM in benefit estimation for the case of natural resources damages studies. The review panel had endorsed CVM but made numerous suggestions to infuse confidence into the surveys conducted by the researchers. In particular, it recommended that willingness to pay (WTP) surveys should draw attention to explanatory variables like income, price of substitutes, use of site and substitute site knowledge, environmental attitudes, distance to site, understanding, belief and ability/willingness to perform the task (cited in Barton, 1998) . Subsequently, several studies were carried out focusing on the effect of such variables in providing better estimates (Shultz et al., 1998; Kotchen & Reiling, 2000; Stevens et al., 2000) .
In the following section, we provide the framework for performing the economic valuation of environmental resources in general and for water resources in particular, and also discuss some of the empirical studies relevant to the current study. The next sections will discuss the study, research methodology and survey administration in detail. Data analysis and results are presented thereafter. Finally, the inferences that can be drawn from the study findings and the policy implications are discussed.
1 Whittington (1998) provides a detailed discussion of administrating contingent valuation surveys in developing countries by paying attention to evaluating the validity and reliability of CVM questions. 2 Contingent valuation studies are carried out for wide range of goods/services using water resources, which are described here as functional uses like drinking, irrigation, ecological services, domestic, transport, recreation and heritage. See Munasinghe (1995) for the classification of use and non-use values. 3 Some authors contest the use of a hypothetical value instead of an actual value and argue that hypothetical values are overestimates of value that are consistently higher than actual value, which is of less relevance in the case of non-marketed goods and services.
Economic valuation of environmental resources
Environmental resources, that is land, water, air and biota, provide a wide range of services for society, most of which are not measured in the market. Even when they are measured to some extent, values are based on private cost/benefit, which differs widely from the social cost/benefit, owing to the presence of externalities. Therefore, measuring the social costs/benefits of these natural resources assumes a greater importance in making public policies and decisions that promote the welfare of society. Basically, three approaches are taken to measure social benefits or costs (Nash, 1978) : (i) the surrogate market approach, which places emphasis on using price observation in analogous markets for goods and services, for example the hedonic method and travel cost method; (ii) the alternate cost approach, which places emphasis on damages either avoided or replaced, that is the health damage and amelioration costs; and (iii) survey methods, which place emphasis on eliciting preferences for good using survey techniques. Evidently CVM falls into the class of last approach and uses a stated preference framework to measure the consumer surplus associated with the good/service in question.
Water is a component of natural resources that exists as a public good in nature; it provides various goods and services for society in either non-marketed form or at prices less than the value of social benefits, that is, there is a large consumer surplus associated with water consumption. It follows that water pollution is a negative externality that affects all major uses of water and, thus, in turn, the utility to the consumer. Conservation of water resource quality corresponds to an increase in the utility to the consumer as well as society's welfare and these gains can be measured in order to understand the value attached to the improvement in water quality. Various methods are used inr the valuation of water quality, including (Turner, 1978) : (i) a damage costs approach to valuation of industrial, consumptive and agricultural uses; (ii) market methods for ascertaining residential demand for water quality and quantity; and (iii) survey methods measuring aesthetics and recreational benefits.
A large number of empirical studies have paid attention to the measurement of consumer surplus/gains through contingent valuation (CV) surveys in the case of water resources, which we will briefly review hereunder. Feenberg & Mills (1987) , for example, measured water quality conservation in a benefit-cost framework and described a methodology for valuing benefits and costs of water pollution abatement, while considering water as a public good. It is one of the few such studies that provided a framework for valuing water quality and offered a discussion on policy implications. Navrud (1995) attempted to value water quality improvements for a lake affected by acid rain depositions in The Netherlands using CVM to conclude that WTP was quite high; whereas, the willingness to accept (WTA) was very low, as several respondents turned down the question. This study established WTP, rather than WTA, as an appropriate measure of water quality, though theoretically both are equal 4 . In another study, Carson & Mitchell (1993) distinguished between demand for water quality for various uses and value demands for each use by conducting WTP surveys. Similarly Brox et al. (1996) have conducted a survey for evaluating the WTP for water quality as well as supply enhancements in the Grand river watershed by including both quantitative and qualitative dimensions in the study. In yet another interesting study, Leones et al. (1997) have used the CVM for assessing the WTP for stream flow depletions by surveying rafter boat operators' income loss due to reduction in stream flows.
The study
A literature review has shown that most research studies are confined to estimating one aspect of water use. As water resources offer multiple functions (which are often bundled) that vary with the location and occupation of the population, the value of multiple uses can be enormous. Moreover, when the individual property rights over a resource are not well established, as it is in the case of water resource, it is difficult to allocate the resource (and its goods and services) unless the value of each use (both consumptive and non-consumptive) as well as non-use is known. In such a situation, the valuation of river water quality offers the advantage of being able to measure most of the functional uses to which the river water is put and this is attempted in the current study. CVM is used to depict the economic value of two variants of public goods relating to Yamuna river water quality-river water quality maintenance and river water quality restoration 5 . The Yamuna river is an important river that flows through the Indian capital New Delhi. Besides catering for the critical consumption needs of the human population, it supports various socioeconomic activities in the basin. As an important resource for the people, it enters provides a utility and welfare function. However, the water quality of the Yamuna river has deteriorated progressively in the past few decades, so much so that it has even become referred to more as a drainage canal carrying domestic and industrial wastewater, except during the monsoon period (MoEF-GoI, 2003) . Any improvement in its quality should improve the utility of the river to the citizens and improve their welfare. When conceived in this way, the WTP factor for water conservation equals the consumer surplus arising from the utility gained by individuals and it can be captured by assuming equality between demand and supply of a public good in the Hicksian sense based on ordinal/non-strict preferences. Since the price of most environmental resources is zero in a market setting (particularly in developing countries) 6 , the entire elicited value of the good corresponds to a consumer surplus and hence stands out as the economic value of the resource.
To measure the economic value of the river water resource, the following model was conceived, which captures the variables that relate to the utility of the river water services as well as to the parameters that reflect a household's socioeconomic status. It is expected that these variables shall explain an individual household's preference for improved river water quality and form a part of the estimation model specified as: WTP ¼ f ðWATCON; HHINC; HHSZ; EDN; PWURYÞ where WTP is the willingness to pay, expressed in rupees (Rs), WATCON is the water consumption, expressed in litres per capita per day (lpcd), HHINC is the household's annual income, expressed in rupees, HHSZ is the size of household expressed in units of individuals, EDN is the level of education 5 In this paper, water quality conservation and water resource conservation are used synonymously. 6 In India, water is almost a free good in rural parts, provided at times by states, whereas in urban areas part of the service cost is recovered by water charges, which are well below supply costs. An illustration of water supply charges and long-term economic viability of water supply schemes is discussed in: Chatterji (1997). expressed in number of years spent in education and PWURY is the perceived water uses of theYamuna river expressed in unit counts.
Using the above model specification in the current study, the CVM has been applied to engender a conservation value of river water quality by asking about two major WTP considerations: (a) willingness to pay for maintenance of water quality and (b) willingness to pay for restoration of water quality. The river water quality conservation benefits (or consumer surplus) refer to both of these, that is, the sum of the benefits of programmes for current water quality maintenance and the benefits of programmes for water quality restoration to the standards. A personal survey was conducted in the Yamuna river subbasin in India to estimate WTPs using a standard questionnaire. The questionnaire used in the study and the survey administration process are discussed in detail in the next section.
Methodology

Questionnaire design
The survey questionnaire was designed to elicit the preferences for the use of river water and for the conservation of its quality. At the outset, the respondent was provided with a list of the functional uses of the Yamuna river and was asked to identify all those uses that he or she perceived themselves to be associated with, for possible use as an index of attitude and knowledge 7 . Following this, brief information about the water quality status of the Yamuna river and its deterioration over time was provided to the respondent. He or she was informed about the deteriorated status of water in the Yamuna, river expressed as two major river water quality parameters: biochemical oxygen demand (BOD) and dissolved oxygen (DO). A map depicting locations where the water quality has deteriorated along a stretch of river, in terms of the above water quality parameters, was also available for supplementary use as required.
After explaining the issues concerned in the study, the respondent was told that a possible mechanism for overcoming the problem was government intervention to conserve river water quality by establishing a water agency (or regulatory board) to carry out the task 8 . This mechanism was suggested to the respondent after considering alternative options and while acknowledging the fact that in a democratic setup, candidly, it is the government that normally can and would have the power to intervene for a greater cause. The respondent was ensured this was a hypothetical case and was not comparable to any other functioning government board. In fact, when necessary, he or she was given details about the need to establish such an agency, which could be held accountable for river water quality maintenance. Then respondent was then confronted with two situations in which he or she would contribute an amount in Indian rupees as an annual lump sum tax:
. that the board shall take charge of maintaining existing water quality (i.e. the status quo with no further degradation, thus maintaining current water quality maintenance);
7 The questionnaire was designed to obtain the preference for each functional use by ranking them in a list, but as we found in pre-testing that it made the issue complex, respondents were later asked to identify uses only. 8 In fact, the idea of setting up an institutional mechanism in the form of a regulatory board largely came from considering a similar agency that has been set up for the river Ganges, which has been quite successful in bringing down pollution through various interventions that have led to river water purification (Markandya & Murthy, 2002) .
. that the board shall take charge of maintaining the water quality levels needed for sustenance of biological life forms in the river (i.e. restoration of water quality).
He or she was then asked to select his/her corresponding WTP from a pay card against each question. Those who declined to pay any amount were asked to explain why either by identifying an appropriate reason from the list provided or by making their own statements, which could be used to identify the protest bids. Subsequently, information about the socioeconomic characteristics of the respondent, such as age, marital status, education, household income and size was sought.
Pre-testing
Before executing the main survey, a classroom pre-testing survey was carried out in an analogous situation in an Indian city (Nagpur) (albeit with reference to a local river nearby) for a small sample to observe behavioural responses to a given format and to restructure it for better elicitation. In this pretesting we observed that the respondents have little or no knowledge of any problems concerning the good in question and thus had no knowledge to apply to WTP. Other problems that became apparent from pre-testing were lack of complete information which led to information bias, problems with nonspecification of the payment vehicle as well as with the instrument of payment and difficulty with effective articulation. The final questionnaire and the conduct of the survey were such that these difficulties were overcome or minimized.
Sampling
The survey questionnaire was initially planned to be held amongst a sample of about 125 households in the Yamuna river basin. The samples were planned to be drawn, in proportion to the population from representative clusters spread across upstream, middle stream and downstream contiguous areas of the river. From ten such clusters, which were evenly distributed across the area, the nodal points of each were selected for conducting interviews with randomly selected households. Among them, five were located in the middle stream, three were downstream and two were in upstream areas along the river. Hence, the survey method used a combination of random and representative sampling to obtain a more realistic estimate. Moreover, sufficient care was taken to include a wide range of income groups (low, middle and high) and social classes while executing the survey. The actual survey was carried out for a sample of 113 households.
Survey execution
The survey was executed by a survey team, which was accompanied and supervised by the research team. Before carrying out the survey exercise, the research team formed a survey team by hiring and training a few paid volunteers to conduct the survey. While carrying out surveys, voluntary help from educated local people was sought in order to articulate the message in the local dialect/slang. The survey was conducted along the following lines. The respondent was first briefed about possible uses of Yamuna river water (listed in the questionnaire) and was asked to identify those uses with which he or she was associated, as well as those that he or she perceived were a priority in his or her day-to-day life.
Subsequently, he or she was given details about the purpose of the survey and was provided with information about the existing river water quality (as mentioned earlier, a map showing the locations where deterioration has been observed was also used for explanation). The importance of conserving the water quality was then explained and then the respondent was confronted with the WTP questions. Clarification with regard to the functions of the river authority/board were well explained, through examples, like the success of the Ganga river water clean-up that had been undertaken by one such agency formed some time earlier. were also by one of the A project team member accompanied the personnel conducting the survey in order to provide any further clarification sought by the respondent with regard to the contents of the questionnaire.
Potential biases in CV survey
In the context of the CV, several types of bias arise in a questionnaire survey. Some of the major biases that arise in CV surveys are (Navrud, 1995) : strategic bias, information bias, hypothetical bias, constant budget bias, sampling and interview or non-respondent bias. A mention of how some of these biases were overcome in the design of the questionnaire is required at this juncture. Strategic bias, which could arise owing to the strategic behaviour of a respondent to the format of the question, was minimized by checking the behaviour of the respondents who were unwilling to pay anything, so-called "free riders", that is, asking for an explanation of zero WTP. Information bias might result-in from biases arising concerning the instrument, starting point, payment vehicle or specification. A pay card was used together with bids for specified amounts to overcome this. Starting point bias was not given attention as it was known to bring down the WTP considerably. By specifying contributions in the form of an annual lump sum tax, payment vehicle bias was avoided. Similarly, specification bias was avoided by giving sufficient information in the form of statistics, maps and specification of the mechanism in which contributions could be made. As ineffective articulation might also lead either to not understanding or misunderstanding the questions and would affect the response of respondent, the questions were also articulated in the local language. Accordingly, a questionnaire that was translated into the Hindu language, which was the main language spoken in the region, accompanied the English version.
In addition to biases that were dealt with in compiling the survey, efforts were also made to minimize several biases while conducting the survey. For example, a lack of specification about how proposed water quality conservation would be implemented might lead to non-specification bias and draw an incomplete or inexact response from respondents. Hence, it was made clear to respondents that an autonomous governmental agency would be responsible, while the people would have to contribute to create a corpus for such an effort. The respondents were reminded of their income limitations in order to obtain more realistic estimates. They were also requested to express their WTP in terms of kind, in lieu of cash, such as manual labour days (particularly when they were unable to express in cash terms after responding positively), in order to value preferences closer to market or real world conditions. Later, this expression was converted into monetary value by using daily wages prevalent in the region. As mentioned earlier, the "free rider" problem was partly overcome by asking for the reason for this attitude. Similarly, hypothetical bias was minimized by bringing more clarity to the question and using interactive sessions to provided detailed explanations. Cautioning about budget constraint minimized constant budget bias, while effective articulation in the local language minimized sampling/interviewer bias. The respondents were also provided with information in the form of visuals.
Data analysis
As a first step in data analysis, the observations recorded in the survey questionnaires were translated into numerical data. Variables with different systems of measurement had to be arranged systematically. For example, household income was entered directly in rupees, household size was calculated case by case using the notation of an adult as one unit and a child as half a unit. Similarly, age was entered directly in number of years, whereas educational qualifications were translated into number of years of schooling. Water consumption, calculated as litres per capita per day (lpcd) from total consumption, was entered directly in units, while perceived water uses were entered as numbers with a unit attached to each use. Variables like sex, marital status and age were dropped after observing that most respondents were married and above 21 years of age. This also confirms that all respondents were in the decision-taking level class.
Correlation analysis was done to examine any close association between independent variables, which might lead to multi-collinearity. The variable for perceived water uses of the river was not included in the correlation analysis, as it was independent of other household consumption variables that could be measured consistently. The correlation analysis in Table 1 clearly shows low correlation among the variables, while the correct direction of relation indicates that the model was perhaps free from multi-collinearity.
Since one respondent did not provide complete information, its record was dropped from the final analysis, reducing the effective sample size to 112. The outliers identified using a statement to explain the reasons, however, were not excluded, as exclusion of outliers might result in upward or downward estimates of variables that could affect the distribution of data as well as the model fit. Instead, these responses were treated as zero willingness to pay.
Finally, a multiple linear regression model was fitted with dependent and independent variables expressed in the functional form show below: b0-b5, which are coefficients of the parameters, were estimated using multiple regression analysis of the data.
Results
The observed mean characteristics of variables of the sample are shown in Table 2 . The results of multiple linear regression analysis for contingent values (i.e. WTP) in the case of the Yamuna river are shown in Table 3 . The variables showed the expected relationships. The average WTP under various categories calculated from the mean of the observed sample characteristics were then used in the regression model, formed with coefficients of variables and the constants given in Table 3 . Considering the sample mean as representative of the population mean, the average WTP for current river water quality maintenance was found to be Rs. 73.86 per capita per year, while maximum WTP of it was found to be Rs. 77.86. In an analogous manner, the average WTP for river water quality restoration was found to be Rs. 84.89 per capita per year. The observed values from the model, when compared to the expected values from observation, were statistically significant, as the chi-square values are well within chi-square values corresponding to 5% significance level and one degree of freedom. The monetary values in rupees correspond to the rupee level in 1995 and thus have not accounted for changes in the market value of the rupee.
Discussions and implications for research in developing countries
The CV study undertaken herein, for the case of water quality conservation in the Yamuna river, has yielded a finite WTP for two questions concerning river water resource conservation. The maximum WTP is 1.28 times that of the mean WTP; a margin of 28% gives more confidence in taking mean willingness to pay as a tax/charge that could be levied, if pollution abatement was proposed. Also, mean WTP estimates indicate the amount which a public agency could spend on pollution abatement programmes. Furthermore, it is equivalent to the amount which a resident is willing to pay to obtain lost benefit in the form of use and non-use values. The WTP for a (marginal) increase in water quantity from the state after "current water quality maintenance" to the state of "water quality restoration to the established standards" is 14.93% above the willingness to pay for pollution abatement. Hence, a public water agency could undertake a river water restoration programme if it costs an equivalent amount and can collect it from citizens in the basin. The results also imply consistency in the responses, given that the maximum WTP is higher than the WTP for water quality restoration. The results, however, do not present statistically robust estimates, but are good enough to take policy decisions. As observed by Shultz et al. (1998) , we too find that the sample size should have been larger to provide more robust results, given the diversity of the population in language, culture, social and economic status. Limited availability of resources prevented a large-scale study. These results are also consistent with those found in developed as well as other developing countries. Earlier CVM studies of water resource valuation proved to be useful in public finance areas for improving water supply services (Rollins et al., 1997) , in addition to providing reliable measures for water supply and quality improvement benefits (Brox et al., 1996; Piper, 1996) . The current study, which essentially aimed to estimate the benefits of Yamuna river water conservation, has extended the scope of the earlier studies of Feenberg & Mills (1987) and Navrud (1995) . It implies that river water conservation is equally important to people in developing countries and that people are well aware of the multiple functions of river water. As WTP surveys are also used to assess demand for public infrastructure goods such as water supply, particularly in urban areas (e.g. Platt & Piper, 1994; Rollins et al., 1997; Raje et al., 2002) , the utility of these studies of the application of CVM is high in planning and designing water resource improvement projects for the community/society at large.
At the same time, the study points to some of the shortcomings in the settings of developing countries that constrain CVM studies. The valuation of public goods and services has been a difficult problem faced by economists in these countries. There are specific advantages in carrying out such studies in developed countries, where markets are well developed for a variety of goods and services and the general population is aware of economic costs and benefits (Shultz et al., 1998) . Also, the general population is well informed, educated and positioned in social and economic terms. All these conditions are lacking in developing countries, where social strictures and cultural stigma associated with underdevelopment are another impediment to conducting studies and obtaining results consistent with theory (Shultz et al., 1998) . Hence, the application of market and non-market valuation methods in developing countries may provide useful results, but they may not be robust in elicitation and consistent with theory. Although we attempted to overcome such problems in our study, for example by conducting interactive sessions and using local language and visuals, the effect of the underlying conditions could not be nullified. Hence, CV surveys have to be planned with great caution and measures need to be taken to make them robust. The above observations also indicate that careful methodological improvements would be handy under the conditions in developing countries. Yet, the values elicited above will have greater utility in policy decisions when the information pertaining to these questions is either not available or scarce, which is most commonly the case in developing countries.
